The study aimed at assessing performance and cost of phenotypic tests for detecting methicillin resistance in Staphylococcus spp. isolates in Cotonou, Benin. Isolates consecutively collected from various specimens from four medical laboratories in Cotonou from December 2012 to April 2013 were included in the study. The isolates were subjected to five phenotypic tests: disk diffusion tests with cefoxitin (Cefox) and moxalactam (Moxa) on Mueller Hinton agar incubated at 37°C, oxacillin on Mueller Hinton agar incubated at 30°C (Oxa30), oxacillin on salt Mueller Hinton agar incubated at 37°C (Oxa37) and agglutination test for PBP2a detection (TPBP 2a). Results were compared with polymerase chain reaction (PCR) of mecA gene which was used as the gold standard. In addition, cost per reagent of each phenotypic test was assessed. Considering the general agreement with PCR, Cefox and Moxa were the best tests in S. aureus while in non-aureus Staphylococcus isolates, TPBP 2a was the best test but its cost was 20 times higher than that of disk diffusion tests.
INTRODUCTION
Staphylococcus spp. has been recognized as one of the most frequent bacteria isolated in routine laboratory practice. Even though, Staphylococcus aureus is the most pathogen among the staphylococci, non-aureus species commonly called "coagulase negative staphylococci" have become increasingly important in human pathology due to various reasons among which is the rising prevalence of immunocompromised patients, particularly in sub-Saharan Africa (Adeyemi et al., 2010; Reddy et al., 2010) .
Staphylococcus spp. can show resistance to several antibiotics. Of particular importance in clinical practice is the case of methicillin resistance in which almost allthe -lactams are inactive against this pathogen (Gould et al., 2012) . Due to their affordability, low toxicity and high efficacy in treating common diseases, -lactams are among the most prescribed groups of antibiotics in medical practice. Therefore, rapid and accurate detection of methicillin resistance in infections caused by Staphylococcus species is of paramount importance.
Methicillin resistance is mediated by the production of an altered penicillin-binding protein (PBP), 2a coded by the mecAgene complex (Dumitrescu et al., 2010) . Detection of mecA gene by polymerase chain reaction (PCR) is the most accurate method for detecting methicillin resistant Staphylococcus spp. isolates (Akpaka et al., 2008; Majouri et al., 2007; Mohanasoundaram et al., 2008) . However, the use of this molecular assay is largely restricted to reference centres in developed countries, and this test is not currently available in most routine diagnostic laboratories, particularly in resource constraints settings. Indeed, PCR for mecA gene is expensive and in its basic form includes many steps such as DNA extraction, amplification and electrophoresis. When it is used in the form of Real Time PCR, it is shorter but also expensive to use in resource-limited settings.
In low-income countries like Benin, only phenotypic methods are used for detecting methicillin resistant isolates (Seydi et al., 2004; Affolabi et al., 2012) . These include disk diffusion tests with either cefoxitin (Cefox) or moxalactam (Moxa) on Mueller Hinton (MH) agar incubated at 37°C, oxacillin on MH agar incubated at 30°C (Oxa30) and oxacillin on salt MH agar incubated at 37°C (Oxa37). It is also possible to detect PBP 2a in isolates using a commercial agglutination test.
Several studies have evaluated phenotypic tests, however these studies were either performed in developed countries or did not use comparison, an appropriate reference method such as the detection of mecA gene. In addition, most of these studies were restricted only to S. aureus while non-aureus Staphylococcus species were not included. Furthermore, cost of tests which is an important parameter in developing countries, was not also assessed (Mohanasoundaram et al., 2008; Olowe et al., 2013) .
The present study was carried out in Cotonou, Benin to evaluate five phenotypic tests for detecting methicillin resistant Staphylococcus spp. using PCR-based mecA gene as a gold standard.
MATERIALS AND METHODS

Bacterial isolates
Isolates were collected from Medical Microbiology Laboratories of the University Teaching Hospital, Hubert Koutoukou Maga (the reference hospital for the country), Saint Luc Hospital, Menontin Hospital and that of the Ministry of Health, Cotonou. The first three laboratories receive specimens from outpatients as well as inpatients while the latter receives specimens mainly from nonhospitalized patients. All isolates were Gram-positive cocci occurring in pairs or clusters, have grown on mannitol salt agar and were catalase-positive. Differentiation between S. aureus from nonaureus Staphylococcus species was done using PCR-amplification of the nuc gene (Brakstad et al., 1992) .
Phenotypic tests
Disk diffusion tests
After preparation of 0.5 McFarland standard suspension of each isolate, a 1:10 dilution of the suspension was inoculated on MH agar plate (Biorad, France) supplemented with or without 4% NaCl as recommended by the Antibiogram Committee of the French Society of Microbiology (AC-FSM, 2012) . Antibiotic disks (Biorad, France) were applied on the plate and incubation was done at 37°C aerobically for 24 h. The inhibition zone diameter for each isolate was measured and compared with interpretative standards (AC-FSM, 2012).
Detection of PBP 2a (TPBP 2a)
PBP 2a was detected using a commercial agglutination kit (Oxoid, United Kingdom) according to the manufacturer's instructions. Briefly, protein extraction was carried out by heating a heavy bacterial suspension at 100°C for 3 min. After addition of the extraction reagent, the mixture was centrifuged at 4,500 rpm for 5 min and the supernatant (the extract) collected. Then, the test and the control reagents were mixed with the extract for 3 min and agglutination was then observed. As recommended by the manufacturer, for non-aureus species, only colonies around the oxacillin disk on MH agar plate were used since a PBP 2a induction is needed for these species prior detection.
mecA gene amplification by PCR
DNA extraction
DNA extraction from each isolate was carried out as previously described (Mayoral et al., 2005) . Briefly, colonies were emulsified in 500 l of sterile distilled DNA-free water. The mixture was boiled at 100°C for 15 min, cooled on ice and then centrifuged at 13,000 rpm for 5 min. The supernatant containing the DNA was stored at 4°C before use.
DNA amplification
It was carried out as previously described by Majouri et al. (2007) with minor modifications on amplification program. Primers used were mecA1: 5'-GTAGAAATGACTGAACGTCCGATAA-3' and mecA2: 5'-CCAATTCCACATTGTTTCGGTCTAA-3' (Eurogentec, Belgium). The 50 l mix reaction contained 200 µM for each dNTP (Sigma, USA); 1X enzyme buffer (Sigma, USA); 0.4 µM of each primer, 1.25 U of Jump Start Taq polymerase (Sigma, USA) and 5 l of DNA extract. PCR amplification program was as follows: initial denaturation at 94°C for 5 min, 37 cycles of denaturation at 94°C for 1 min, annealing at 54°C for 1 min and 30 s, extension at 72°C for 1 min and final extension at 72°C for 10 min. The size of the final amplification product was 310 bp.
Quality control
Methicillin resistant S. aureus strains ATCC 43300 and a wellcharacterized methicillin susceptible S. aureus were used as positive and negative controls, respectively for phenotypic as well as molecular tests. In addition, for molecular tests, standard microbiological procedures were strictly followed in order to minimize cross contamination. DNA extraction and PCR-amplification were done in molecular laboratories that were separated from the routine clinical microbiology laboratory. The PCR laboratory has designated sections for pre-amplification, DNA extraction and amplification/post-amplification with a unidirectional movement of staff.
Cost assessment of reagents per test
While one technician was performing a test, a second technician recorded the quantity of reagents used. Prices of reagents collected from a local supplier were presented in US dollars (US$) (change rate on 15th December, 2013). Only reagents were taken into account for cost calculation. Some reagents were prepared in batches and the whole cost for the batch was first recorded. In the final assessment, the cost for the test was calculated by taking into account the portion of the batch used for the test.
Data analysis
Data were entered and analysed using Excel software. Table 2,  while Table 3 shows performance of each phenotypic test. Of all the phenotypic tests performed, the best agreement with the gold standard (98.26%) was obtained with Cefox and Moxa for S. aureus isolates while for non-aureus strains, TPBP 2a had the best agreement, 97.03% (Table 3) . Although, Oxa30 and Oxa37 had the lowest agreement rates of 78.57 and 82.14% respectively when compared with gold standard, they had the highest specificities (100%) ( Table 3) . The results of performance of combining phenotypic tests are presented in Table 4 . The final result of a combination was considered as resistant if at least one of the tests showed a resistant result; otherwise, it was considered as susceptible. For S. aureus isolates, the best agreement of 98.26% was obtained with the following tests combinations: Oxa30 + Cefox; Oxa30+Moxa;
Oxa37+Cefox; Oxa37+Moxa and Cefox+Moxa while for non-aureus isolates, Oxa37 + TPBP 2a showed the best agreement (96.04%) with PCR-based mecA gene (Table 4) .
In addition, two non-aureus Staphylococcus isolates showed methicillin resistance in all diffusion disk tests done while PCR for mecA gene and TPBP 2a were negative. Concerning the cost of reagents per phenotypic test, the cost of all diffusion disk tests was close and varied from US$ 0.57 to 0.64, while TPBP 2a was 20 times more expensive than diffusion disk tests (Table 5) .
DISCUSSION
Medical bacteriology laboratories in most French speaking countries in sub-Saharan Africa usually follow recommendations from the French Society of Microbiology without performing their own studies to determine the suitability of use of such recommendations in their settings (Seydi et al., 2004; Affolabi et al., 2012; AC-FSM, 2012) . In order to test these recommendations in Cotonou (Benin), we compared five phenotypic tests for detecting methicillin resistant Staphylococcus spp. isolates (S. aureus as well as non-aureus Staphylococcus) using PCR-based mecA gene as gold standard.
We observed that oxacillin disk diffusion tests had the lowest performances. This finding is in agreement with other studies (Boutiba-Ben Boubaker et al., 2004; Majouri et al., 2007; Datta et al., 2011; Olowe et al., 2013) . Despite these similar findings, these tests are still in the 2012 recommendations of the French Society of Microbiology and are being used in several laboratories in sub-Saharan African countries like Benin (Seydi et al., 2004; Affolabi et al., 2012) . One of the advantages of oxacillin disk diffusion tests is their high specificity but their sensitivity is low for recommendation in routine work. Other disadvantages of these tests are the need to use a salt MH agar (for Oxa37) or an incubation temperature of 30°C (for OXA 30). This incubation temperature is not readily accessible in several medical laboratories in low-income countries. From this study, Cefox and Moxa were found to be the best phenotypic tests for detecting methicillin resistance in S. aureus as each of them (Cefox and Moxa) had the highest performance agreement of 98.26% when compared with the gold standard (Table 3) . This is in agreement with submissions of other workers within the region and elsewhere (Boutiba-Ben Boubaker et al., 2004; Majouri et al., 2007; Datta et al., 2011; Olowe et al., 2013) where Cefox and Moxa have been recommended for use in detection of methicillin resistance in S. aureus-based infections. These tests even performed better than TPBP 2a in S. aureus (Table 3) , reinforcing the need of using one of these tests in our routine diagnostic laboratories.
For non-aureus Staphylococcus isolates, Cefox and Moxa still performed well but the best test was TPBP 2a (Table 3) . Only few studies have evaluated methicillin resistance detection tests in non-aureus Staphylococcus isolates (Majouri et al., 2007; Souza Antunes et al., 2007) . In fact, these species are often considered as contaminants when isolated from clinical samples. However, it is now well known that Staphylococcus saprophyticus is a common cause of urinary tract infection ("honey-moon cystitis") in immunocompetent sexually active women (Raz et al., 2005) . Furthermore, in immunocompromised patients, non-aureus Staphylococcus species can cause severe infections such as blood stream infections and endocarditis (Adeyemi et al., 2010; Reddy et al., 2010) . As these species often yield resistance to several groups of antibiotics, thus an accurate identification of methicillin resistance is of utmost importance for correct management of such infections. In this study, we observed that the best test was TPBP 2a. The test is rapid; time to get result is less than 30 min while antibiotics disk diffusion tests require 24 h to give results. However, TPBP2a is too expensive (about 20 times the cost of diffusion disks tests) (Table 5) to be routinely used in laboratories in low resource countries. In spite of this limitation, TPBP 2a could be proposed for severe infections due to non-aureus Staphylococcus species in reference laboratories even in resource-limited settings. If TPBP2a is not available, Cefox and Moxa can be used as their performances are quite good even in non-aureus Staphylococcus species, as seen in this study (Table 5) .
A surprising observation in this study was a result from two non-aureus Staphylococcus isolates that showed methicillin resistance in all diffusion disk tests performed while PCR for mecA gene and TPBP 2a were repeatedly negative. Even though, primers used in the present study were from a highly conserved region of mecA gene, false negative PCR results cannot be excluded (Geha et al., 1994) . Similar observations were made for S. aureus in Switzerland, United Kingdom and Denmark (García Álvarez et al. 2011; Monecke et al., 2013) . This may be due to a new variant of mecA, recently named mecC, which codes for a new protein (PBP 2c). Further investigations are needed to confirm this finding in nonaureus Staphylococcus isolates.
In conclusion, Cefox and Moxa are were found to be the best phenotypic tests to detect methicillin resistance in S. aureus isolates but in non-aureus Staphylococcus isolates, TPBP 2a is the best although 20 times more expensive than diffusion disks tests.
